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Abstract 
Nickel tetrakis(benzylmercapto)phthalocyanine (NiTBMPc) and nickel 
tetrakis(dodecylmercapto)phthalocyanine (NiTDMPc) complexes were synthesized and 
their spectral and electrochemical properties reported. The CV showed four or five redox 
processes for NiTBMPc and NiTDMPc, respectively. For the first time, 
spectroelectrochemistry gave evidence for the formation of NiII/NiI process in a NiPc 
complex. The rest of the processes were ring based. The NiTBMPc complex was 
successfully deposited on both gold and glassy carbon electrodes by electropolymerisation 
while NiTDMPc complex was deposited on gold electrode only. The films were electro-
transformed in aqueous 0.1 M NaOH solution to the O–Ni–O oxo bridged form. The 
modified electrodes were characterized using electrochemical impedance spectroscopy and 
the results showed typical behavior for modified electrodes. Electrodes with poly-
Ni(OH)Pcs films exhibited higher charge transfer resistance values, Rp than their 
corresponding poly-NiPcs films counterparts. All the modified electrodes showed improved 
catalytic activities than the unmodified electrodes towards nitrite ions electrooxidation. 
Better catalytic activities were observed for the modified electrodes when they were 
transformed to O–Ni–O oxo bridge form. All the modified electrodes exhibited high 
resistance to electrode surface passivation.  
1. Introduction 
Nitrites are of both environmental and biological importance. Nitrites are used as food 
preservatives and their salts are known to occur in high quantity in soil. Nitrites are known 
to react with amines forming nitrosamines, which are known to be carcinogenic [1], [2], [3] 
and [4].  
Various methods have been used to determine nitrite ions, including: spectrophotometry [5], 
chromatography [6], and electrochemical methods [7], [8], [9], [10], [11] and [12]. The later 
have more advantages over the other methods in terms of cost and time. Electrochemical 
determination of nitrite is either by reduction or oxidation. Reduction of nitrite is known to 
suffer from interferences such as reduction of nitrate ions and molecular oxygen; hence 
detection using nitrite oxidation is preferred. The use of bare electrodes such as carbon 
electrodes, platinum and gold for the oxidation of nitrite requires high potentials [8] and 
[13] and these electrodes tend to be poisoned by the species formed during the 
electrochemical process [14]. A good way of lowering potentials is by modification of the 
electrodes with complexes such as metallophthalocyanines (MPcs). Carbon electrodes 
modified with these complexes are known to lower both the reduction and oxidation 
potentials of nitrites [15]. Modifications of electrodes can be achieved in several ways but 
electropolymerisation forms multilayered polymer coatings of the complexes forming a 
three-dimensional reaction zone at the electrode surface, thus improving the response 
sensitivity of the electrode [16]. Nickel macrocyclic complexes modified electrodes are 
known to show catalytic behavior towards electrotransformations of nitric oxide and nitrite 
[10], [17] and [18]. Deposition of NiPcs on electrodes in alkaline solutions has been shown 
to give the modified electrodes a better catalytic effect and this has been suggested to be due 
to the formation of interconnected O–Ni–O oxo bridges [19] and [20] even though the 
electrocatalytic mechanism of the reactions involved are not fully understood. The work on 
the use of gold electrode for the deposition of nickel phthalocyanines, followed by 
transformation to the O–Ni–O oxo complex has not attracted much attention, except for a 
recent report [21].  
The present work reports on the use of nickel tetrakis(benzylmercapto)phthalocyanine 
(NiTBMPc, 4a) and nickel tetrakis(dodecylmercapto)phthalocyanine (NiTDMPc, 4b), 
Scheme 1, for the modification of gold electrode. The behavior of the molecules on gold is 
compared to that obtained when glassy carbon electrode is employed. The modified 
electrodes are employed for the electrocatalytic oxidation of nitrite. The effect of the 
substituents on the electrocatalytic activity is explored.  
 
 
2. Experimental 
2.1. Materials and equipment 
Potassium carbonate and nickel(II) chloride hexahydrate were obtained from Sigma–
Aldrich. Nickel(II) chloride hexahydrate was dehydrated by heating to form the anhydrous 
form of the nickel(II) chloride salt. Sodium nitrite was obtained from BDH. 
Tetrabutylammonium tetrafluoroborate (TBABF4) (Aldrich) was used as the electrolyte for 
electrochemical experiments. All solvents were distilled prior to use. Silica gel 60 (0.04–
0.063 mm) for column chromatography was purchased from Merck. Dichloromethane 
(DCM) was obtained from SAARCHEM. UV–vis absorption spectra were recorded on a 
Varian 500 UV–vis/NIR spectrophotometer. FT-IR spectra (KBr pellets) were recorded on a 
Perkin-Elmer spectrum 2000 FT-IR spectrometer. MALDI-TOF spectra were obtained with 
Perspective Biosystems Voyager DE-PRO Biospectrometry Workstation and possessing 
Delayed Extraction at the University of Cape Town, Cape Town, South Africa. Elemental 
analyses were performed by University of Cape Town, South Africa.  
 2.2. Synthesis 
4-(Benzylmercapto) phthalonitrile (3a) and 4-dodecylthiolphthalonitrile (3b) were 
synthesized as reported in literature [22] and [23]. Nickel tetrakis(dodecyl 
mercapto)phthalocyanine (NiTDMPc) was synthesized and characterized according to 
literature [24] and gave satisfactory characterization as follows.  
Yield: 31%. IR (KBr), v (cm−1): 748 (νC–S). λmax (nm) (log ) in DCM: 685 (4.99), 632 
(4.99), 400 (5.00), 310 (5.00). Anal. Calcd. for C80H112N8S4Ni: C, 69.99; H, 8.22; N, 8.16; 
S, 9.34. Found: C, 68.06; H, 8.10; N, 7.60; S, 8.58. MALDI-TOF; C80H112N8S4Ni: Calc. 
1372.8 g/mol, found (M+) 1372 g/mol.  
Nickel tetrakis(benzylmercapto)phthalocyanine (NiTBMPc) was synthesized according to 
the procedure recently reported [23] for the corresponding Zn, Fe and Co complexes with 
slight modifications as follows.  
2.3. Nickel tetrakis(benzyl mercapto)phthalocyanine, NiTBMPc 
Compound 3a (1 g, 4 mmol) was mixed with 0.136 g (1.05 mmol) anhydrous nickel(II) 
chloride and 3 ml quinoline and then refluxed for 4 h at 200 °C under N2 atmosphere. The 
mixture was allowed to cool to room temperature and then excess methanol was added to 
precipitate out the crude green solid product which was then treated in a Soxhlet extraction 
apparatus with ethanol for 24 h. The product was purified using silica gel column 
chromatography with chloroform–THF (ratio 3:1) as the eluting solvent.  
Yield: 39%. IR (KBr), v (cm−1): 685 (νC–S). λmax (nm) (log ) in DCM: 681 (4.82), 625 
(5.05), 410 (5.00), 301 (5.00). Anal. Calcd. for C60H40N8S4Ni: C, 67.99; H, 3.80; N, 10.57; 
S, 12.10. Found: C, 66.32, H, 3.60; N, 10.02; S, 13.40. MALDI-TOF; C60H40N8S4Ni: Calc. 
1059.9 g/mol, found (M+) 1058.0 g/mol.  
2.4. Electrochemical methods 
For electrochemical characterization of the complexes, cyclic (CV) and square wave (SWV) 
voltammetry data were obtained with Autolab potentiostat PGSTAT 30 (Eco Chemie, 
Utretch, The Netherlands) driven by the General Purpose Electrochemical Systems data 
processing software (GPES, software version 4.9, Eco Chemie), using a three-electrode set-
up. The working electrodes were either Au (1.6 mm diameter) or a glassy carbon (GCE, 
3.0 mm diameter) modified with the phthalocyanine complexes. Ag|AgCl wire pseudo 
reference and platinum wire counter electrodes were employed. Square wave parameters 
were: step potential 5 mV; amplitude 20 mV at a frequency of 25 Hz. Faradiac impedance 
measurements were performed with the Autolab FRA equipment using a 10 mV rms 
sinusoidal modulation. All electrochemical experiments were carried out in nitrogen 
atmosphere. Spectroelectrochemical data were obtained with the use of a home made 
optically transparent thin-layer electrochemical (OTTLE) cell which was connected to a 
Bioanalytical Systems (BAS) CV 27 voltammograph.  
Depositions of NiTBMPc and NiTDMPc complexes on both gold and glassy carbon 
electrodes were performed by repetitive scanning (CV) of the complexes solutions (1 mM) 
in DCM/TBABF4 at the potential window from −0.5 to 1.2 V versus Ag|AgCl at scan rate 
of 100 mV s−1. The electrocatalysis was done in solutions of the nitrite in phosphate buffer 
(pH 7.4) with the modified electrode as the working electrode while Ag|AgCl and platinum 
electrodes were employed as reference and counter electrodes, respectively.  
3. Results and discussion 
3.1. Spectral, voltammetric and spectroeletrochemical characterization 
NiTBMPc and NiTDMPc complexes were characterized by several spectroscopies and gave 
satisfactory results. MALDI-TOF spectra gave expected masses as shown in the 
experimental section. The elemental analyses results are, however, somewhat different from 
the expected values. Unlike the CHN values of the two complexes which are slightly 
(between 1.46 and 6.86%) lower than expected, the errors in the S contents are high (≥8%). 
It has been observed before [25] that large MPc molecules, as studied in this work, do not 
give satisfactory elemental analyses. These discrepancies might possibly be due to 
experimental errors and/or such factors as the presence of solvent molecules or other 
impurities arising from analytical handling of the compounds.  
Aggregation in MPc complexes is typified by a broadened or split Q band, with the high 
energy band being due to the aggregate and the low energy band due to the monomer. UV–
vis spectra in Fig. 1 shows considerable aggregation for both complexes as judged by split 
Q bands. NiTBMPc showed more aggregation than NiTDMPc at the same concentration, in 
that the band due to the aggregated species at high energy was more pronounced than the 
band due to the monomeric species. Whereas for NiTDMPc, the band at low energy due to 
the monomeric species was more pronounced than the high energy band. The difference in 
the extent of aggregation maybe due to the influence of ring substituents, the former has 
benzylmercapto as the substituent, which can increase the π–π interaction of the molecules 
and thereby increasing aggregation.  
 
 
Fig. 2 and Fig. 3, respectively, show the effect of decreasing concentrations from (1.5 to 
0.3) × 10−5 M on the spectra of NiTBMPc and NiTDMPc in the Q band region, the former 
has a Q band at 622 nm and another Q band at 680 nm which is at relatively higher 
wavelength while the later has a broad Q band at 630 nm and a sharp Q band at 682 nm. 
As the concentrations of the complexes are decreased, the Q bands at relatively lower 
wavelengths (due to the aggregated species) became less pronounced compared to the lower 
energies (due to the monomer species), confirming the aggregated nature of the complexes. 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Solution redox properties of the complexes were studied using cyclic (CV) and square wave 
(SWV) voltammetries in DCM. GCE was employed for these studies, rather than Au since 
more defined peaks were observed on the former. Fig. 4 shows the cyclic 
voltammogrammes of NiTBMPc and NiTDMPc complexes in DCM (containing 0.1 M 
TBABF4), respectively. 
 
 
 
 
 
Four redox processes were observed for NiTBMPc complex while five redox processes 
were observed for NiTDMPc. For NiTBMPc these were observed at: Ep = +0.96 V (I, 
Ni2+Pc0/Ni2−Pc1−), Ep = +0.70 (II, Ni2+Pc1−/Ni2−Pc2−), E1/2 = −0.25 V (III, Ni2+Pc2−/Ni1+Pc2−) 
and E1/2 = −0.94 V (IV, Ni1+Pc2−/Ni1+Pc3−) (versus Ag|AgCl) while for complex NiTDMPc, 
the five redox couples were observed at: E1/2 = +0.99 V (I, Ni2+Pc0/Ni2−Pc1−), E1/2 = 0.73 V 
(II, Ni2+Pc1−/Ni2−Pc2−), Ep = −0.18 V (III, Ni2+Pc2−/Ni1+Pc2−), E1/2 = −0.93 V (IV, 
Ni1+Pc2−/Ni1+Pc3−), and E1/2 = −1.15 V (V, Ni1+Pc3−/Ni1+Pc4−) versus Ag|AgCl. The couples 
were quasi-reversible to irreversible. Since couple (II) for NiTBMPc and couple (III) for 
NiTDMPc are irreversible, Ep instead of E1/2 could only be stated. The irreversible behavior 
is typical of thiol substituted MPc complexes [26]. Redox processes are known to occur 
only on the ring for NiPc complexes in solution [27]. However, as is shown below, process 
III may be assigned to metal reduction for both complexes. The rest of the redox processes 
are assigned to ring reductions or oxidations.  
Spectroelectrochemical reduction of both complexes at potentials of process III, using 
optically transparent thin layer electrode (OTTLE) cell, resulted in spectral changes shown 
in Fig. 5. The first spectrum for both complexes show broad peaks due to aggregation at 
concentrations employed for OTTLE cell studies. For NiTBMPc, these changes consisted of 
an increase in the bands in the Q band region, with sharp bands at 688 and 632 nm, and in 
the 400–500 nm region, two sharp bands were observed at 463 and 411 nm. The latter are 
charge transfer bands in MPc complexes. For NiTDMPc, sharp bands appear in the Q band 
region at 687, 634 and 608 nm, and charge transfer bands are observed at 463 and 412 nm. 
The spectral changes observed on reduction of the complexes suggest reduction of the 
central metal and the formation of NiIPc species [28]. Ring reduction would result in 
collapse of the Q bands and formation of new weak bands in the 500–600 nm region, due to 
the perturbation of the lowest unoccupied molecular orbitals (LUMO) [29]. To our 
knowledge this is the first time electrochemical reduction of NiIIPc at the metal has been 
reported in solution.  
 
 
  
3.2. Electropolymerisation 
As stated in the introduction, both GCE and Au were employed for the electrodeposition of 
NiPc complexes in order to compare the behavior of the two electrodes. Only NiTBMPc 
could be deposited onto GCE, attempts to deposit NiTDMPc on glassy carbon electrode 
failed. The presence of the phenyl group in NiTBMPc could enable π–π interaction with 
GCE. Fig. 6a shows the evolution of the cyclic voltammogrammes during 
electropolymerisation of 1 mM NiTBMPc complex in DCM solution on gold electrode 
within the potential range −0.5 to +1.2 V. It is important to state that during the time it took 
to record the voltammogrammes in Fig. 6a, there was insignificant formation of self-
assembled monolayer (SAMs) of either NiTBMPc or NiTDMPc onto gold, as judged by 
lack of blocking of gold oxide peaks. SAMs of MPc complexes require hours (24–72 h) to 
form. Thus, the observed voltammogrammes in Fig. 6 are due to electrodeposited MPc 
complexes not SAMs. Also the Au oxide and stripping peaks were not observed under the 
conditions (organic media) of Fig. 6. The general increase in currents in Fig. 6a 
accompanied by shifts in the peaks is typical of polymerization of MPc complexes onto 
electrodes [12]. Fig. 6b shows selected voltammogrammes from Fig. 6a, and clearly shows 
a new broad peak formed at 1 V and the shift in the peak between 0.1 and 0.5 V with scan 
number. Fig. 6b shows that no peak was observed during the first scan. On second scan, 
there was a formation of a polymer peak at +0.25 V and this peak shifts to more positive 
potentials with increase in the number of scans, this is an indication of an increase in the 
electrical resistance of the polymer film and that an overpotential is needed to overcome the 
resistance [30]. The electrode following polymerization is represented as poly-NiTBMPc–
Au. NiTDMPc also showed polymerization onto the electrode. Fig. 7 shows selected 
voltammogrammes (1st and 30th scan) during the polymerization of NiTDMPc complex in 
DCM onto gold electrode. New couples were observed with cycling and after the 30th scan 
at −0.1, 0.2 and 0.72 V versus Ag|AgCl. The resulting electrode is represented as poly-
NiTDMPc–Au. The polymerization process for MPc complexes such as MPc(NH3)4 
involves the oxidation of the amino group forming radicals which initiate polymerization by 
attacking benzene rings of neighbouring molecules. We believe that similar oxidation of the 
substituent occurs on the sulphur group of the title complex, resulting in the polymerization 
process.  
 
 
 
 
 
 
Glassy carbon electrode was also used for the electropolymerization of NiTBMPc. Fig. 8 
shows the evolution of the cyclic voltammogrammes during the deposition of NiTBMPc 
complex on GCE. There were formation and progressive increase in the peaks at −1.1, 
−0.25, +0.32 and +0.42 V. This observation indicates electropolymerisation of the complex 
onto a glassy carbon electrode (represented as poly-NiTBMPc–GCE). As stated above 
NiTDMPc could not be deposited onto the GCE.  
 
 
 
Poly-NiTDMPc–Au and poly-NiTBMPc–Au electrodes were subjected to repetitive cycling 
between −0.5 and +1.2 V and the poly-NiTBMPc–GCE between −0.1 and +1.1 V in 0.1 M 
NaOH in order to transform the polymerized complexes into the O–Ni–O oxo bridged 
derivatives. As shown in Fig. 9, there was a formation and progressive increase of the 
anodic and cathodic waves between −0.3 and +0.5 V, for all complexes. These waves are 
known to correspond to NiIII/NiII redox process [21] and are an indication of the 
transformation of the NiTBMPc and NiTDMPc into the O–Ni–O oxo bridged forms. The 
electrodes are represented as poly-Ni(OH)TBMPc–Au, poly-Ni(OH)TDMPc–Au and poly-
Ni(OH)TBMPc–GCE. It is important to note that the NiIII/NiII couple has not been 
identified electrochemically for the NiPc complexes in solution, but has been implicated in 
catalysis as an adsorbed polymer [19] and [21]. The high increases in the currents between 
+0.6 and +1.2 V are known to be due to the electrooxidation of OH− ions to O2 with OH 
radicals as intermediates, these radicals are suggested to play key role in the 
electropolymerisation process [31]. Nickel macro complexes have been shown to behave 
this way under similar conditions [32], [33] and [34].  
 The NiIII/NiII couple for both poly-Ni(OH)TDMPc–Au and poly-Ni(OH)TBMPc–Au, 
shows the cathodic peak to be much higher in magnitude than the anodic peak, while for 
poly-Ni(OH)TBMPc–GCE, the anodic and cathodic currents have almost the same 
magnitude. It is likely that the cathodic peak for the process using gold electrode is a 
combination of both NiIII/NiII process and gold oxide reduction peaks. This was confirmed 
by recording the voltammogram of bare Au electrode under the same  
 conditions as for Fig. 9, the gold oxide stripping peak was observed at −0.2 V, which is 
the same range as the cathodic peak of the NiIII/NiII process. Since the nitrite determination 
will be performed under pH 7.4 conditions, the voltammogrammes of the poly-NiTDMPc–
Au and poly-NiTBMPc–Au and poly-NiTBMPc–GCE, were recorded in pH 7.4 buffer. The 
NiIII/NiII peaks were observed at different potential values in pH 7.4. For poly-
Ni(OH)TBMPc–Au, the NiIII/NiII peaks shifted from −0.20 (cathodic) and 0.35 (anodic) in 
0.1 M NaOH to +0.20 and +0.7 V, respectively. For poly-Ni(OH)TDMPc–Au, the 
NiIII/NiII peaks shifted from −0.24 (cathodic) and 0.28 (anodic) in 0.1 M NaOH to +0.30 
and 0.8 V, respectively. Thus, a large shift to more positive potentials occurred with 
decrease in pH.  
3.3. Electrochemical impedance spectroscopy studies of the modified electrodes 
This technique can be used to check whether electrodes are modified or not. Generally, a 
bare electrode should exhibit an almost straight line for the Nyquist plot which is imaginary 
resistance versus the real resistance (−Zim versus Zre) because electrochemical reactions at 
such electrodes surfaces are expected to be a mass diffusional limiting electron-transfer 
process [21] and [35]. For a modified electrode, the Nyquist plot shows characteristic semi-
circle pattern due to barrier to the interfacial electron-transfer [21] and [35].  
Fig. 10a shows the Nyquist plot for both bare gold and glassy carbon electrodes, the plots 
showed linearity expected for bare electrodes and this was observed at the same potentials 
used to measure the modified electrodes impedance data. As shown in Fig. 10b–d, all the 
modified electrodes exhibit a semicircle plots expected when the electrodes are modified. 
The potentials for the impedance measurements of poly-NiTBMPc–Au, poly-NiTDMPc–
Au and poly-NiTBMPc–GCE were 0.6, 0.6 and 0.5 V, respectively, these are their 
respective potentials closely after the formation of polymer anodic peaks while for the poly-
Ni(OH)TBMPc–Au, poly-Ni(OH)TDMPc–Au and poly-NiTBMPc–GCE, the potentials for 
the measurements are 0.5, 0.5 and 0.4 V, respectively, at these potentials, Ni is present as 
NiIII only.  
 
 
For each poly-NiPc–electrode and their corresponding poly-Ni(OH)Pc–electrode, the 
charge transfer resistance, Rp is higher for the later than for the former indicating probably a 
more effective modification in the later form due to the rearrangement of the complexes on 
the electrodes by the formation of interconnected O–Ni–O oxo bridges. The Rp values are 
shown in Table 1.  
 
 
3.4. Electrocatalytic oxidation of nitrite 
Fig. 11 shows the cyclic voltammogrammes of 1 mM nitrite in phosphate buffer (pH 7.4) at 
(a) an unmodified gold electrode, (b) poly-NiTDMPc–Au electrode, (c) poly-NiTBMPc–Au 
electrode, (d) poly-Ni(OH)TDMPc–Au electrode and (e) poly-Ni(OH)TBMPc–Au 
electrode. From Fig. 11 we can conclude:  
(1) Better catalysis occurred when the gold electrode was modified with the complexes 
judging from the shifting of peak potential to less positive values (from 0.85 to 0.83 V for 
NiTBMPc) and higher peak currents for the modified electrodes compared to the 
unmodified gold electrode. 
(2) Both complexes increased their activities for nitrite electrooxidation when they were 
transformed to the ‘O–Ni–O oxo form’, as judged by shifts of the peak potential to the less 
positive values, for the O–Ni–O form (from 0.85 to 0.80 V for NiTDMPc, and from 0.83 to 
0.76 V for NiTBMPc). 
(3) NiTBMPc modified gold electrode showed better catalytic activities than the NiTDMPc 
modified gold electrode both before and after transformation to ‘O–Ni–O oxo form’, as 
judged by increase in currents and a shift to less positive potentials. 
  
The mechanism behind the catalytic activity enhancements of the electrooxidation processes 
when the nickel macro complexes are transformed to the ‘O–Ni–O oxo form’ is not fully 
understood, but NiIII/NiII redox process maybe playing a key role in the reaction, with the 
possibility that NiIII produced from electrooxidation of NiII reacts with nitrite ions resulting 
in the oxidation of nitrite and NiIII getting reduced back to NiII in the process. The catalytic 
oxidation of nitrite occurs in the same potential range as the anodic component of the 
NiIII/NiII process in pH 7.4 buffer. The electrodes showed no significant loss in activity in 
phosphate buffer 7.4.  
In terms of resistance to electrode surface passivation, surprisingly there were not 
significant differences between the various electrodes, all the modified electrodes showed 
high resistance to passivation as shown in Fig. 12, which shows only a small decrease in 
current with scan number. In the concentration range chosen for the catalytic studies in this 
work (i.e., 1.0 × 10−6 to 1.0 × 10−3 mol dm−3), we observed a linear relationship between the 
catalytic currents and the nitrite concentrations, resulting to slopes (sensitivities) of 
(1.3 ± 0.2) × 10−1 A/mol dm3 (n = 7) and (1.1 ± 0.2) × 10−1A/mol dm3 (n = 7) for poly-
Ni(OH)TBMPc–Au and poly-Ni(OH)TDMPc–Au, respectively. For both poly-
Ni(OH)TBMPc–Au and poly-Ni(OH)TDMPc–Au catalysis of nitrite oxidation, the peak 
potentials shifted with the log of scan rate as shown in Fig. 13a, this indicates that the 
electrocatalytic oxidation of nitrite is irreversible [34]. Fig. 13b shows that there is a linear 
relationship between the peak current and square root of the scan rate, indicating that the 
nitrite electrocatalytic oxidation is diffusion controlled. Fig. 13c further confirms that the 
electrooxidation of nitrites by poly-Ni(OH)TBMPc–Au and poly-Ni(OH)TDMPc–Au is a 
catalytic processes judging by the shape of curves obtained which is typical of catalytic 
processes [36]. It should be noted that the observations reported for the catalytic oxidation 
of nitrite by poly-Ni(OH)TBMPc–Au and poly-Ni(OH)TDMPc–Au was also observed for 
poly-Ni(OH)TBMPc–GCE, except that the peak potential did not shift to the less positive 
potentials with nitrite concentration as expected.  
 
 
 4. Conclusions 
We have shown in this work that Au electrodes modified with NiTBMPc and NiTDMPc 
complexes exhibit electrocatalytic activity towards the oxidation of nitrite, and their 
catalytic activities improved when they were transformed to the poly-Ni(OH)TBMPc and 
poly-Ni(OH)TDMPc, respectively, the NiIII/NiII redox process contributed to the catalytic 
process. In addition, high stability exhibited by these modified electrodes even after 
repeated use make the modified electrodes as potential electrodes for the development of 
suitable electrocatalysts for nitrite oxidation as well as in the fabrication of nitrite 
electrochemical sensors.  
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